the effects of diuron, a photosystem ii inhibiting herbicide, on lipid peroxidation, photosynthetic pigments, soluble protein, proline contents and some antioxidant enzymes in maize leaves were studied and protective effects of polyamines against diuron toxicity were investigated. Diuron significantly increased lipid peroxidation, suggesting oxidative damage in the plants and proline content, while it decreased total chlorophyll, carotenoid and soluble protein levels in the leaves during the experiments. Pretreatment with polyamines statistically decreased lipid peroxidation induced by diuron and spermine (sPm) proved to be the most effective polyamine. Also, pretreatment with polyamines significantly prevented the losses of total chlorophyll, carotenoid and soluble protein induced by diuron. on the other hand, pretreatment with polyamines significantly increased proline contents of the leaves in comparison with the leaves treated with diuron. superoxide dismutase (sod), guaiacol peroxidase (GPX) and glutathione reductase (Gr) activities increased in the leaves treated with diuron while catalase (cat) activity decreased. Pretreatment with spermidine (SPD) did not change significantly SOD activity at 24 and 72 hrs of diuron treatment but prevented the increase in sod activity induced by diuron at 48 h. however, pretreatment with sPd increased GPX activity at 24 h and GR activity at 48 and 72 hrs. CAT activity in the leaves pretreated with SPD was similar to that of the leaves treated with diuron. Pretreatment with sPm prevented the increase in sod activity induced by diuron at 48 h but significantly increased it at 72 h of diuron treatment. However, pretreatment with SPM did not significantly change GPX and GR activities during the experiments but reversed the decrease in CAT activity induced by diuron at 72 h. Pretreatment with putrescine (PUT) prevented the increase in SOD activity induced by diuron at 48 and 72 hrs while it increased GPX and GR activities at 48 h of diuron treatment. Also, the decrease in CAT activity induced by diuron at 72 h was completely prevented by Put. it can be concluded that pretreatment of maize leaves with polyamines reduced the damage produced by diuron and the protective effects of polyamines against diuron toxicity were closely associated with antioxidant system.
sprayed with 0.05% tween 20 in distilled water. foliar samples were harvested at 24, 48 and 72 h after diuron application and the following analyses were performed. All treatments were repeated at least three times on different days.
Lipid peroxidation
lipid peroxidation was measured in the term of malondialdehyde content (mda, ε = 155 mmol -1 cm -1 ), a product of lipid peroxidation following the method of heath and Packer [22] .
Chlorophyll and carotenoid contents
chlorophyll and carotenoid contents were determined according to arnon [5] and Jaspars [23] , respectively.
Proline content
Proline content was determined by the ninhydrin method [6] .
Antioxidant enzyme assays
leaf samples (0.5 g) were homogenized in 5 ml of cold 50 mm potassium phosphate (K 2 hPo 4 ) buffer (pH 7.0) containing 1 mM EDTA and 1% polyvinylpolypyrrolidone. the homogenate was centrifuged at 20,000 × g for 20 min at 4 °c and the supernatant was used for the following enzyme assay. soluble protein content was determined according to the method of Bradford [11] with Bsa as a standard.
sod (ec 1.15.1.1) activity was based on the method of Beauchamp and fridovich [8] as modified by Dhindsa and Matowe [14] , which measures the inhibition in the photochemical reduction of nitroblue tetrazolium (nBt).
GPX (EC 1.11.1.7) activity was determined according to Urbanek et al. [40] . cat (ec 1.11.1.6) activity was determined by following the consumption of h 2 o 2 (ε = 39.4 mm -1 cm -1 ) at 240 nm for 3 min [1] .
Gr (ec 1.6.4.2) activity assay was based on the method of foyer and halliwell [20] .
Statistical analysis
variance analysis of mean values was performed by duncan multiple comparison test using SPSS for Microsoft Windows (Ver. 10.0, SPSS Inc., USA) and statistical significance was determined at the 5% level (P < 0.05).
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results
Lipid peroxidation
Lipid peroxidation, measured by MDA content, was significantly increased by the treatment of the leaves with diuron ( fig. 1 ). for example, the increment in mda contents of the leaves treated with diuron compared to the control were determined to be 14.01%, 51.24% and 79.63% at 24, 48 and 72 hrs, respectively. Polyamines significantly prevented lipid peroxidation increment induced by diuron. especially, sPm was the most effective polyamine in preventing lipid peroxidation. however, sPd and Put also significantly prevented lipid peroxidation compared to the unpretreated leaves ( fig. 1 ).
Photosynthetic pigment contents
changes in photosynthetic pigment levels in maize leaves were determined for 24, 48 and 72 h after they were sprayed with diuron. Total chlorophyll content significantly decreased in the leaves treated with diuron (table 1) . a decrease in total chlorophyll level of the leaves pretreated with polyamines was less than that of the leaves treated . vertical bars represent standard deviation of three samples. within each hour, different letters indicate the differences among the means of three replicates. the differences between the means are significant at P < 0.05 with only diuron. That is, polyamines significantly retarded chlorophyll degradation induced by diuron. SPM was found to be the most effective polyamine. After 72 h of treatment, total chlorophyll content decreased by 39.4% in the leaves treated with diuron compared to the control, while it was 17.37% in the leaves pretreated with SPM. Also, carotenoid content of the leaves treated with diuron decreased significantly ( Table  2) . After 72 h of treatment, the loss of carotenoid content was 46.15% in the leaves treated with diuron compared to the control. Carotenoid loss was significantly prevented by sPd and sPm pretreatments. it was found that carotenoid content of the leaves pretreated with SPD and SPM decreased by 23.07% and 26.92%, respectively. also, carotenoid level of the leaves pretreated with Put was higher than that of unpretreated leaves. 
Soluble protein content
As can be seen in Table 3 , soluble protein content significantly decreased after diuron treatment. a decrease in soluble protein level induced by diuron was observed after 24 h of treatment. The loss in soluble protein content was 27.39% in the leaves treated with diuron for 72 h compared to control. Pretreatment with SPD, SPM and PUT prevented the loss of soluble protein induced by diuron at 24 h of treatment. Pretreatment with SPD was not effective at 48 and 72 hrs of diuron treatment. However, pretreatment with sPm and Put, respectively, was effective in preventing the loss of soluble protein at 48 and 72 hrs of diuron treatment.
Proline content
Proline content significantly increased in the leaves treated with diuron (Table 4) . For example, the increment in proline contents of the leaves treated with diuron, and compared to the control, were found to be 42.69%, 62.18% and 85.12% at 24, 48 and Table 3 soluble protein content of the leaves pretreated with polyamines and treated with diuron afterwards 72 hrs, respectively. Pretreatment with polyamines also significantly increased proline level of the leaves. It was found that especially PUT significantly increased proline content, compared with the leaves treated with diuron. at the end of experiments, proline amount in the leaves treated with diuron was 7.22 mg per g fresh weight whereas in the Put-pretreated leaves it was 10.66 mg per g fresh weight. also, proline level of the leaves pretreated with sPd and sPm was higher than that of unpretreated leaves after 72 h of diuron treatment.
Enzyme activities
sod activity gradually increased after the leaves were treated with diuron but statistically significant increases were recorded at 48 and 72 hrs. It was found that the increment in the SOD activity in the leaves treated with diuron was 12.37%, 31% and 44.72% at 24, 48 and 72 hrs of treatment, respectively, compared to the control. Pretreatment with polyamines did not change significantly SOD activity at 24 h of diuron treatment in comparison with the leaves pretreated with water. at 48 h of diuron treatment, sod activity in the leaves pretreated with polyamines was the same as in the control. At 72 h of diuron treatment, the activity was found to be 28.01, 31.31 and 18.2 u per mg protein in the leaves pretreated with sPd, sPm and Put, respectively, while it was 26.5 u per mg protein in the leaves treated with diuron ( fig. 2) . GPX activity did not change significantly in the leaves treated with diuron, compared to the control, at 24 and 48 hrs of treatment, but a statistically significant increase was recorded at 72 h. Pretreatment with SPD increased GPX activity at 24 h of treatment but there was no significant change at 48 h and decreased at 72 h. The change in GPX activity of the leaves pretreated with SPM was not statistically significant either, in comparison with the leaves treated with diuron. however, the increase in GPX activity in the leaves pretreated with PUT at 48 h was found to be statistically significant (Fig. 3) .
after diuron treatment, Gr activity gradually increased. it was found that Gr activity increased by 60.4% at 72 h of diuron treatment. Pretreatment with SPD significantly increased Gr activity. also, Gr activity in the leaves pretreated with Put increased but a statistically significant increase was recorded at 48 h as compared to that in the leaves treated with diuron.
Pretreatment with SPM had no significant effect on GR activity following only diuron treatment (fig. 4) .
CAT activity was not changed significantly in the leaves treated with diuron at 24 and 48 hrs but it statistically decreased at 72 h. This loss was found to be 28.42%, compared to the control. similarly, the same change was found in cat activity of the leaves pretreated with SPD. Pretreatment with PUT and SPM significantly prevented the loss of CAT activity induced by diuron at 72 h (Fig. 5) . 
discussion
In response to diuron, lipid peroxidation and proline contents of maize leaves significantly increased while photosynthetic pigments and soluble protein levels decreased. the accumulation of mda was measured as a sign of lipid peroxidation because mda is one of products of lipid peroxidation and the result of cell membrane injury [2, 45] . the increase in mda content of maize leaves may be due to the increase in ros levels induced by diuron. however, it has been reported in several studies that diuron affected the production of ros [31, 35] . in the present study, mda levels in the leaves pretreated with polyamines were found to be lower than those of leaves treated only with diuron. sPm was the most effective in preventing to lipid peroxidation. Benavides et al. [7] described that lipid peroxidation induced by paraquat was almost completely prevented by SPM in sunflower leaf discs. Also, Kitada et al. [26] reported that SPM was the most effective in inhibiting lipid peroxidation in rat liver microsomes due to direct binding to microsomal phospholipids, and tadolini et al. [36] attributed the inhibition of lipid peroxidation by sPm and sPd to the formation of a polycation/phospholipid vesicle complex. the more pronounced protective effect of sPm, in comparison with sPd and Put, could be accounted for its longer chain and greater number of positive charges which result in a more effective neutralizing and membrane stabilizing ability [41] . Previous studies have demonstrated that the reduction of chlorophyll content might be a good indicator for monitoring damage of the plant growth and development [24] . in this study, it was shown that chlorophyll was rather sensitive to diuron. total chlorophyll content in the leaves treated with diuron was significantly reduced, compared to the control. we have also found that the reduction in total chlorophyll content induced by diuron was significantly prevented in the leaves pretreated with polyamines. SPM and sPd were the most effective in preventing total chlorophyll loss in maize leaves. however, sPm has been reported as the very polyamine which preserved the most thylakoid integrity in oat leaves [38] and sPd was the most effective in inhibiting chlorophyll loss induced by paraquat in sunflower leaf discs [7] .
Carotenoid levels also significantly decreased in the leaves treated with diuron, similar to total chlorophyll loss. similarly, fayez [19] reported that carotenoid and chlorophyll contents of soybean leaves treated with diuron were significantly reduced. In the present study, the reduction of carotenoid content induced by diuron was significantly prevented in the leaves pretreated with polyamines. sPm and sPd were the most effective in inhibiting the losses of carotenoids in maize leaves. the increment in carotenoid contents in the leaves pretreated with polyamines can reduce diuron toxicity because carotenoids act as efficient quenchers of triplet chlorophyll and singlet oxygen [13] . also, polyamines can act directly as free radical scavengers and reduce the damage of diuron on photosynthetic pigments. moreover, polyamines reverted the effect of diuron on the level of soluble protein almost completely at 24 h of treatment, sPm and PUT was the most effective at 48 h and the effect of only SPM was significant at 72 h in preventing of soluble protein losses. similarly, unal et al. [39] reported that exogenously applied sPm samples showed higher protein concentration than other exoge-nously added sPd and Put samples. applications of sPd and sPm were effective in retarding the loss of d1, d2 and cytochrome f from the thylakoid membranes, as well as large rubisco subunits and chlorophyll from the leaf tissue [9] . it was also reported that PUT, SPD and SPM are associated with light harvesting complex and PS II [27] and polyamines may protect photosystem ii from uv-a radiation [39] . so, polyamines can protect Ps ii against diuron toxicity.
On the other hand, it was found that proline content significantly increased in the leaves treated with diuron. similarly, proline content in the soybean leaves treated with diuron was recorded to be increased [19] . it is more probable that the proline increase reflected stress due to herbicide action. Due to its action as singlet-oxygen quencher and scavenger of oh radicals, proline is able to stabilize proteins, dna and membranes [32] . in addition, it was reported that the damaging effects of singlet oxygen and hydroxyl radicals on Ps ii can be reduced by proline in isolated thylakoid membranes [3] . so, the increment in proline content of the leaves pretreated with polyamines can contribute to the role of free radical scavengers of polyamines and protect the plants against Ps ii inhibiting herbicide diuron.
sod, GPX, Gr and cat play important roles in scavenging ros and maintaining the physiological redox status of organisms [12] . in the present study, sod activity significantly increased in the leaves treated with diuron for, respectively, 48 and 72 h. similarly, increases in sod activity have been observed in response to treatment with herbicides paraquat, diquat, diuron, atrazine and prometryne [17, 18, 24, 33] . In the present study, the effects of polyamines on sod activity were different according to the polyamine tested and time after diuron treatment. Polyamines prevented the increase in sod activity induced by diuron at 48 h of treatment but sPd and sPm increased the enzyme activity at 72 h of treatment. It was suggested that polyamines were implicated in direct scavenging of free radicals [30, 38] , thereby sod activity cannot be increased at 48 h of treatment.
In the present study, diuron caused significant changes in the activity of H 2 o 2 scavenging enzymes. a decrease of cat activity and an increase of GPX activity in the leaves treated with diuron at 72 h of the treatment as compared to the control were observed. similarly; Kubis [30] reported that GPX activity increased in water stressed cucumber leaves while cat activity decreased. moreover, GPX activity was poorly stimulated in Lemna minor treated with diuron and even inhibited when exposure exceeded 48 h, while cat activity was inhibited by the lowest concentration of diuron and at the shortest (6 h) time exposure [37] . On the other hand, no significant change of cat activity was observed in Scenedesmus obliquus treated with diuron [21] . to test whether exogenously applied polyamines could protect the plants by affecting GPX and cat activity against diuron toxicity, the change in activities of the enzymes was determined in the leaves pretreated with polyamines in the present study. Pretreatment with SPD increased GPX activity at 24 h of the treatment but decreased at 72 h compared with the leaves pretreated with water while significant change in CAT activity was not observed. Pretreatment with sPm did not change GPX activity during the whole series of experiments, in comparison with the leaves pretreated with water while it restored significantly the decrease in CAT activity induced by diuron. Pretreatment with PUT increased GPX activity at 48 h of the treatment and cat activity at 24 h of the treatment, while the decrease in CAT activity induced by diuron at 72 h of the treatment was completely prevented by Put. there are both similar and different results in the literature referring to the effects of polyamines on the activities of both enzymes under various stress coditions. For example, pretreatment with SPD induced a significant decrease in the activity of both enzymes in barley leaves under water deficit [29] , while the decrease of cat activity was substantially reduced but a higher increase of GPX activity was induced by sPd in water-stressed cucumber leaves [30] . zhang et al. [44] reported that exogenous application of Put and sPd could effectively prevent cucumber seedlings from chilling injury by inducing activities of several antioxidant enzymes including sod, GPX, aPX and cat.
in addition to sod, GPX and cat activities, a change of Gr activity was also detected in the present study. it was found that Gr activity gradually increased in the leaves treated with diuron during the whole experiment. this result was in accordance also with earlier results on Lemna minor and Scenedesmus obliquus treated with diuron [21, 37] . It is probable that the increase in GR activity under stress conditions is to provide Gsh for ascorbate-glutathione pathway and to maintain a high ratio of Gsh/ GssG. Pretreatment with sPd increased Gr activity during the experiment, sPm did not change significantly GR activity and PUT increased the enzyme activity at 48 h of the treatment in comparison to the leaves pretreated with water. similar to our results, Kubis [28] reported that Gr activity increased in the barley leaves pretreated with sPd before water stress, and verma & mishra [42] recorded that pretreatment with Put increased Gr activity in salt stressed Brassica juncea. it is suggested that Gr activity elevated by polyamines increase the ratio of nadP + /nadPh, thereby ensuring the availability of nadP + to intercept electrons resulting in lower flow of electron to O 2 for generating ros. as it is shown, polyamines are able to moderate the activities of scavenging system enzymes and thus influence the ROS level.
In conclusion, this is the first report examining the protective effect of polyamines against diuron damage in plants and our data show that pretreatment with polyamines reduce diuron toxicity at different degrees according to the polyamine and/or the tested parameter. 
